Before mammalian spermatozoa can interact with the egg in vivo, they are subjected to post-testicular modifications in the male as well as in the female genital tract. The evidence that this post-testicular maturation process requires exposure to a specific microenvironment within the epididymis has been reviewed elsewhere (Orgebin-Crist, 1987; Robaire and Hermo, 1988; Blaquier et al., 1989) . However, the functions of the components of this microenvironment are still poorly understood (for review see Hinton et al., 1995; Turner, 1995) . Moreover, there is uncertainty as to the essential place of the epididymis in the chain of conception. This is especially true for the human epididymis (for review see Bedford, 1994) . Nevertheless, the possible use of inhibiting epididymal functions in the development of contraceptives for men has raised considerable interest.
An important aspect of epididymal sperm maturation and storage seems to be the interaction of luminal fluid proteins with the sperm surface (for review see Brooks, 1987; OrgebinCrist, 1987; Blaquier et al., 1989; Hinton et al., 1995) . These proteins are thought to be synthesized post-testicularly by the epithelial cells lining the epididymal duct, and secreted apically into the lumen, where they come into contact with, and may be adsorbed to, the surface of spermatozoa. During the last decade, various methods have been used to characterize these proteins. This review will compare the methods applied and summarize the results obtained by the various approaches, emphasizing the molecular characterization of the most abundant human epididymal proteins.
Characterization of epididymal proteins

Electrophoretic analysis of epididymal fluid proteins
Micropuncture and electrophoretic analyses of epididymal fluid proteins have been performed in various mammals, mainly rodents. A few major secretory proteins have been identified biochemically, some of which appear to represent sperm surface components, as revealed by radiolabelling studies and by specific antibodies (for review see Brooks, 1987; Jones, 1989) . However, it remains difficult to determine whether an epididymis-secreted protein is the same as a protein on the sperm membrane. Two-dimensional gel electrophoresis showed that previously multiple components had appeared as single bands, and that the polypeptide pattern of epididymal fluid components was much more complex than had been expected (Olson and Hinton, 1985) . Moreover, a comparison of proteins present in samples aspirated from the various parts of the rat epididymis revealed striking regional differences. A subset of the major luminal fluid proteins could be associated with cauda epididymal spermatozoa (Olson and Hinton, 1985) .
A detailed two-dimensional gel electrophoretic analysis of epididymal secretory proteins was performed in boars by Syntin et al. (1996) . As a result of recent developments in protein microsequencing, and the possibility of obtaining internal peptide sequences, they were able to determine the amino acid sequence of various protein spots and to associate electrophoretically identifiable proteins of the boar epididymal luminal fluid with By using various methods, ranging from conventional protein separation and purification to monoclonal antibody and cDNA cloning strategies, a considerable body of information has been obtained on mammalian epididymal proteins. Molecular characterization of proteins specifically produced in the human epididymis has been achieved by cDNA cloning, followed by raising antibodies against synthetic peptide epitopes. The predicted proteins have been localized in the human epididymal epithelium, within the lumen of the epididymal duct and vas deferens, and also on the surface of ejaculated spermatozoa. Sperm association has been reported for at least four human epididymal proteins, ARP, HE2, HE4, and HE5/CD52. However, as is largely the case in other species, a link to a specific function for any luminal component of the human epididymis, including the cloned secretory glycoproteins, to either sperm maturation or storage has not yet been demonstrated convincingly. Indirect evidence for a function for epididymal proteins comes from their relatively high frequency and tissue-specific expression as well as from their distinct spatial expression patterns along the human epididymal duct. However, it remains to be established (for example, by using the proteins and their antibodies in functional tests) whether, besides being essential markers of sperm maturation, they are also functionally important.
a number of previously cloned gene products (see below). Many of the identified proteins were found to be highly polymorphic in terms of both isoelectric point and molecular mass, suggesting extensive modifications of the peptide component by glycosylation or glycosidase activities. Unfortunately, a reconciliation of the protein patterns reported by various research groups has proved difficult because of the lack of standardized procedures.
Analysis of human sperm surface 'coating' proteins of epididymal origin
Although the ejaculate seems to be a rather uncertain source for the identification of proteins of likely epididymal origin, it has been suggested that it contains sperm 'coating' proteins that can be obtained from the surface of ejaculated spermatozoa. Blaquier and co-workers (Tezon et al., 1985) described several proteins that could be released from ejaculated human spermatozoa by high ionic strength buffers. Proteins of the same electrophoretic behaviour were consistently stimulated by the addition of androgen to a human epididymal cell culture system. Polyclonal antisera raised against a pool of such proteins reacted immunohistochemically with the epididymal epithelium but failed to react with testis or prostate (Tezon et al., 1985) . McArdle (1992) used the same approach to raise monoclonal antibodies against such sperm 'coating' proteins.
Finaz and co-workers (Boué et al., 1992) set out to obtain a library of monoclonal antibodies against sperm surface antigens of likely epididymal origin using whole human spermatozoa as an immunogen. Approximately half of the antibodies obtained were found to be directed against epididymal antigens. A combination of these antibody techniques, together with the more advanced tools of two-dimensional gel electrophoresis, protein microsequencing, and recombinant DNA techniques, may prove useful for a renewed analysis of sperm 'coating' proteins of epididymal origin. Human epididymal tissue and fluid are available in barely sufficient quantities for routine conventional protein analyses. Since spermatozoa can bind epididymal secretory proteins by various mechanisms (see below), even whole surface protein preparations of ejaculated spermatozoa may prove useful as a source of sperm-binding proteins of epididymal origin. Antibody staining of two-dimensional gel patterns of human sperm proteins (Naaby-Hansen et al., 1997 and references therein) will most likely identify a number of proteins originating from the epididymal fluid.
Molecular cloning approach based on gene-specific probes
Problems caused by lack of a suitable protein source can be overcome using recombinant DNA methods that require only small amounts of tissue. The most obvious approach to identify human epididymal gene products would be to construct a human epididymal cDNA library, and then to clone the gene products of interest on the basis of their sequence homologies to well-characterized animal gene products. However, despite considerable effort, gene probes of various cloned animal epididymal proteins have failed to identify homologous human products (Hayashi et al., 1996; Krätzschmar et al., 1996; C. Kirchhoff, unpublished) . One difficulty of this 'gene-specific' library screening approach lies in the high degree of species specificity, that is, poor evolutionary conservation of many epididymal proteins. In addition, there are considerable species differences in the protein content of the epididymal fluid in various mammals (Beiglböck et al., 1998) , although at least the most abundant proteins do appear to be shared.
Recent developments in protein separation and microsequencing techniques allow determination of part of the amino acid sequence of an electrophoretically identifiable peptide spot. This sequence information can be used to deduce and synthesize a set of gene-specific oligonucleotides suitable for cloning and sequencing a cDNA, finally leading to characterization of hitherto unknown constituents of the human epididymal fluid. In addition, vast amounts of sequence information on expressed genes already cloned from the human epididymis can now be obtained from the compilations of expressed sequence tags (EST data base; Adams et al., 1995) . Electronic screening of these datasets with fragments of sequence can identify the cDNAs for a gene of interest and help to identify closely related genes, thus enabling convenient access to human epididymal cDNAs.
Molecular cloning by differential library screening
A different cloning strategy has been applied in humans to circumvent problems caused by lack of sequence information. Molecular cloning of the major secretory proteins of human epididymal epithelial cells has been achieved, relying only on their tissue specificity of expression and the frequency of the mRNAs encoding them in the epididymis (Kirchhoff et al., 1990) . Complex hybridization probes derived from whole epididymal mRNA populations were used instead of gene-specific probes, which allowed the identification of novel human genes not identified previously in animal models. Human testis was chosen as the primary negative control tissue to target gene products of post-testicular origin (Fig. 1a) . The method identified six human epididymal cDNA families, named HE1-HE6, which are derived from abundant tissue-specific mRNAs (Kirchhoff et al., 1990 (Kirchhoff et al., , 1991 (Kirchhoff et al., , 1993 (Kirchhoff et al., , 1994 (Kirchhoff et al., , 1996 Osterhoff et al., 1994 Osterhoff et al., , 1997 . With the exception of HE5/CD52 (Kirchhoff et al., 1993; Kirchhoff, 1996) , these represented novel (human) gene products unidentified in previous animal studies. However, animal counterparts have since been found for most of them.
Northern blot hybridization revealed a restricted expression pattern for all transcripts that were markedly increased in the epididymis and not found in a panel of control tissues and cell lines. With one exception (Kirchhoff et al., 1994) , these transcripts are encoded by 'single copy' genes that show no close similarity to other human genes. In situ hybridization showed that the transcripts were localized in the epithelial cells surrounding the epididymal duct, and that none of them was present in the efferent ducts (Kirchhoff et al., 1991 (Kirchhoff et al., , 1996 Krull et al., 1993) . Each gene product showed a distinct, conserved pattern of regionalization along the epididymal duct, demonstrating that, as observed in other mammals, there is regional specialization of gene expression also in the human epididymis (Krull et al., 1993) . However, since the functional relationship between sperm maturation and passage through successive epididymal regions seems to be more flexible in humans (for review see Bedford, 1994) , the significance of this observation is still unknown.
Most of the cDNA sequences encoding human epididymal proteins (with the exception of HE6; Osterhoff et al., 1997) predict small, secretory proteins with characteristic hydrophobic leaders (Fig. 1b) . With one exception, they also show at least one consensus site for N-glycosylation. Using polyclonal antisera (raised against recombinantly expressed or chemosynthetic peptides) and monoclonal antibodies (in the case of CD52; see below), the predicted proteins were localized in the apical part of the epithelial cells and in the duct lumen where they can come into contact with the spermatozoa (Osterhoff et al., 1994; Kirchhoff, 1996; Kirchhoff et al., 1996) . Their precise functions remain to be established. First indications of specialized functions during sperm maturation, storage, and capacitation come from their expression patterns, from their sequence similarities to proteins or protein families of known functions, and from their immunolocalization on the sperm surface. A summary of our present knowledge on some of the most abundant secretory and sperm-interacting epididymal proteins is given below.
Major secretory proteins in the luminal compartment
Putative cholesterol carriers
Spermatozoa are saturated with cholesterol by a system of lipid transfer or exchange proteins during epididymal transit (for review see Nolan and Hammerstedt, 1997), providing a stabilizing force in their membrane. N-terminal sequencing of these proteins in rams revealed an amino acid sequence (Baker et al., 1993) nearly identical to the predicted N-terminus of the human HE1 protein (Kirchhoff et al., 1996) . Thus, HE1 may represent a factor involved in maintaining the high cholesterol content of spermatozoa during epididymal transit and storage. In vivo, the environment of the female genital tract releases this safety mechanism. Sperm membrane cholesterol begins to equilibrate with cholesterol acceptors in the female reproductive tract, resulting in a net efflux of cholesterol as a mode of membrane destabilization in preparation of the acrosome reaction (for review see Benoff, 1993) .
The cDNA encoding HE1 was by far the most abundant gene product obtained during differential screening (Kirchhoff et al., 1990) . Antipeptide antisera confirmed that it encodes a major secretory glycoprotein of the human epididymis, accumulating in the cauda epididymidal fluid, and detectable in the ejaculate as a polymorphic component of about 20 kDa (Kirchhoff et al., 1996) . In accordance with its suggested function as an epididymal cholesterol carrier, the protein did not bind firmly to ejaculated spermatozoa. Proteins with an identical peptide backbone have been isolated from various primates (Perry et al., 1995; Fröhlich and Young, 1996) , and represent approximately 20% of the luminal protein content of cauda epididymidal fluid in chimpanzees (Fröhlich and Young, 1996) . Closely related products have been identified in non-primate species (Ellerbrock et al., 1994; Syntin et al., 1996) . However, the HE1 peptide sequence seems evolutionarily to be much older; a similar protein (esr16; accession no. U31456) has even been identified in an insect in which it is also produced by a specialized epithelium. Rather unexpectedly, a gene product closely related to HE1 has been cloned from a bovine mammary gland library, and the encoded protein purified from cow milk (Larsen et al., 1997) . It is also a glycoprotein of about 20 kDa, showing 80% overall amino acid identity to HE1. A single oligosaccharide chain is attached to Asn39 which is part of a highly conserved consensus site for N-glycosylation found in all HE1-related sequences. The six cystein residues, which are also highly conserved, were found to be disulfide-linked in a 1-6, 2-3, and 4-5 pattern in the bovine protein. This structure indicates a compact conformation. Indeed, the milk protein was found to be quite resistant to proteolytic cleavage (Larsen et al., 1997) . Although the precise function is not known in either tissue expressing this protein, cholesterol transfer or exchange may represent a common function in mammalian body fluids as different as seminal fluid and milk.
Secretory proteins involved in the protection of spermatozoa against oxidative stress
Mammalian spermatozoa are rich in polyunsaturated fatty acids, a property that predisposes them to the deleterious effects of oxygen free radicals. Although lipid peroxidation seems to be involved in the acrosome reaction (Aitken et al., 1996) , is has also been implicated in increased sperm membrane fragility, anatomical and functional sperm abnormalities and impaired male fertility (Aitken, 1995) . As in most cells, the intracellular concentrations of toxic oxygen free radicals in spermatozoa seem to be regulated by various glutathione peroxidase (GPX) activities (for review see Irvine, 1996) . The GPX activity is mediated by a family of selenium-dependent isoenzymes of differing substrate specificity and tissue distribution. All these enzymes contain one selenocysteine residue per subunit in their active sites. Their evolutionarily conserved gene transcripts encode the atypical amino acid by an in-frame UGA (opal) codon that normally functions as a termination signal. However, intracellular enzymes cannot provide antioxidant protection to the outer membrane of spermatozoa during storage. Several antioxidant defence systems have been identified in the lumen of the epididymal duct, which seems qualified to fulfill this function. Perry et al. (1993) isolated a cDNA from the rat epididymis that may encode a secreted form of the 88 C. Kirchhoff et al., 1990) . Complex single stranded cDNA probes synthesized by reverse transcription from mRNA pools of epididymis and negative control tissues (testis, liver and brain) were used to screen an epididymal cDNA library. Epididymis-positive clones identified during the primary differential screening against testis (encircled in red) were arranged in arrays and subjected to a secondary screening against liver and brain. After assortment of related cDNA clones into six families (HE1-HE6), a final screening step was performed by northern blot analyses, using human decidua as another control tissue (not shown et al., 1995) . Reports of a unique secretory product in the caput epididymidis of various mammalian species, including mice (Ghyselinck et al., 1991) , rats and monkeys (Perry et al., 1992) , boars (Okamura et al., 1997) and dogs (Beiglböck et al., in press ), add another member to the GPX gene family that does not contain selenocysteine, or at least does not contain a selenocysteine-encoding UGA codon. cDNA sequence analyses showed that the primary structure of the predicted proteins is evolutionarily well conserved. Although it has not yet been proven unequivocally that they act as true extracellular peroxidases in vivo, the mouse protein has been tentatively named GPX5. Indeed, recombinant expression of GPX5 has been shown to protect transfected cells against oxidative damage (Vernet et al., 1996) . GPX5 and its species homologues constitute a major protein of the caput epididymidis in most mammals investigated thus far. In mice, it has been shown to be synthesized by the epithelial cells of the epididymal duct and secreted into the lumen, where it binds to spermatozoa (Vernet et al., 1997) . Its expression in the caput region is highly sensitive to the depletion of androgens and other testicular factors after castration (Perry et al., 1992; Ghyselinck et al., 1993) .
A related human product has not been found during the differential screening procedure described above, and is not included in the EST data of human epididymides (Adams et al., 1995) , suggesting that the molecule is not among the most abundant human epididymal secretory proteins. A reverse transcription-polymerase chain reaction (RT-PCR) cloning strategy was designed on the basis of evolutionarily conserved sequence stretches of rat, cynomolgous monkey and dog secretory epididymal GPXs, to clone the human homologue. A partial cDNA was obtained, probably representing the human cDNA (C. Kirchhoff, unpublished). When this cDNA fragment was used as a probe, northern blot analyses of various human epididymal tissue extracts revealed only a very faint hybridization signal with poly(A)-enriched caput epididymidal RNA. These preliminary results suggest that, unlike those of other mammalian species, the epididymides of humans (obtained from elderly men with prostatic carcinoma) do not produce large amounts of GPX5. Additional work will be required to reveal the physiological significance of this negative result.
Putative secretory proteinase inhibitors
The involvement of extracellular proteinase inhibitors in the process of mammalian sperm capacitation and fertilization has long been suggested. Zaneveld et al. (1971) found that the removal of extracellular or seminal plasma 'acrosin-inhibitors' from ejaculated spermatozoa is an essential part of the capacitation process. In mice, a trypsin-inhibitor binding site on the sperm surface that may be blocked by proteinase inhibitors seems to be associated with sperm-zona binding (Saling, 1989; Boettger-Tong et al., 1992) . Various proteinase inhibitors with different substrate specificities have been identified in the secretions of the male genital tract and characterized on a molecular level. Their function(s) in the fertilization process have yet to be elucidated. Most are not specific to the epididymis and are predominantly expressed in other tissues.
The sequence of the cDNA encoding HE4 predicts a small, acidic secretory protein of the distal human epididymal epithelium with significant structural similarity to some of these extracellular proteinase inhibitors (Kirchhoff et al., 1991) . Closely related proteins have been cloned from epididymal tissue of other species (Ellerbrock et al., 1994; Xu et al., 1996) . The positions of half-cysteines suggested that they are twodomain members of the 'four-disulfide core'-or 'whey acidic' protein (WAP)-domain proteins, to which the human seminal plasma proteinase inhibitor, HUSI-I/SLPI (Seemüller et al., 1986; Jin et al., 1997) , and a decapacitation factor of guinea-pig spermatozoa, caltrin II, belong (Coronel and Lardy, 1992) . HE4 antipeptide antisera react with an antigen of the epididymal epithelium and duct lumen (Fig. 2) , and with the surface of ejaculated human spermatozoa. Since it readily dissociates from ejaculated spermatozoa under in vitro capacitation conditions (C. Osterhoff and C. Kirchhoff, unpublished), the HE4 protein may represent a novel decapacitation factor of human spermatozoa, related to proteinase inhibitors. In this context, it may be significant that a bovine mRNA related to HE4 is also expressed in the Fallopian tube (Kirchhoff et al., 1991) .
Major sperm-binding proteins of epididymal origin
Human sperm surface antigen of caput epididymidal origin
At present, HE2 is the only caput-specific gene product of the human epididymis that has been characterized on a molecular level (Kirchhoff et al., 1990; Krull et al., 1993; Osterhoff et al., 1994) . The cDNA encodes a small, abundant secretory protein of the proximal epididymis which has not been found in any other tissue. Research into the function of the predicted protein has been hampered by the fact that it is also highly species-as well as site-specific. Antipeptide antibodies raised against recombinantly expressed or chemosynthetic HE2 peptides recognized an antigen produced by the proximal epididymal epithelium and shed into the duct lumen. Moreover, antibodies reacted specifically with the acrosome and the equatorial region of human ejaculated spermatozoa (Osterhoff et al., 1994) . As a result of the acrosome reaction, the plasma membrane over the equatorial segment undergoes major physiological changes that render the spermatozoon competent to fuse. Thus, its location in the equatorial region suggests that HE2 is involved in gamete fusion. However, the outcome of hamster oocyte penetration (HOP) tests has not been reduced significantly by any of the HE2 antisera tested so far (C. Osterhoff and C. Finaz, unpublished).
Major glycoconjugates of the sperm surface
A major human epididymal cDNA, HE5, obtained by the differential screening procedure described above, was found to be colinear with the cDNA encoding lymphocyte CD52 (Kirchhoff et al., 1993) , encoding an unusually small glycosylphosphatidyl-inositol (GPI)-anchored glycopeptide of the cell membrane. Northern analyses revealed that HE5/CD52 transcripts are abundant only in two cell types: the epithelial cells of the distal epididymis and vas deferens, and blood lymphocytes. They were never found either in spermatogenetic cells or in spermatozoa. Transcript hybridization in situ showed that the vast majority of the epididymal mRNA was indeed derived from the duct epithelium. CD52 (CAMPATH-1) antibodies reacted with parts of the male reproductive tract, particularly with the cauda epididymidal epithelium and cauda fluid, and with epididymal spermatozoa, but not with testicular spermatozoa (Hale et al., 1993; Kirchhoff, 1996) . The crossreactivity persisted in the ejaculate and on ejaculated spermatozoa. These results are consistent with the idea that the antigen is only produced post-testicularly by the genital tract epithelial cells, shed into the lumen with its GPI-anchor intact, by an unknown mechanism, and incorporated via its GPI-anchor into the sperm membrane ( Fig. 3 ; Kirchhoff and Hale, 1996; Yeung et al., 1997) .
Although the mature CD52 peptide backbones are extremely variable among species (for review see Kirchhoff and Hale, 1996) , homologous gene products showing highly similar expression patterns have been found in all mammals investigated thus far, including mice (Kirchhoff, 1994) and rats (Eccleston et al., 1994; Kirchhoff, 1994 Kirchhoff, , 1996 . Genetic evidence for their similarity comes from sequence comparisons of the N-terminal and C-terminal signal peptides and from the non-translated parts of the genes, including a conserved intron location (Kirchhoff, 1996) . Rat CD52 has long been known as the major galactose oxidase/NaB[ 3 H] 4 -labelled sperm membrane glycoconjugate (Eccleston et al., 1994) that occurs on the sperm surface in the distal epididymis, at the time when the spermatozoa acquire their major physiological properties of maturation. Since the mature CD52 peptides on the sperm surface are so small and diverse, they may provide merely a scaffold for the presentation of a (conserved?) glycan. Thus far, only the structure of the N-linked carbohydrate for the human lymphocyte CD52 is known (Treumann et al., 1995) . It consists of large sialylated polylactosamine units attached to a tetra-antennary fucosylated mannose core. A similar carbohydrate structure contributing to the sperm glycocalyx would be compatible with the function of a 'biological mask' in the distal epididymis, Fig. 2 . Localization of an epididymal secretory protein, HE4, in cryosections (10 µm) through various regions of the human male genital tract. HE4-related antigen was detected by immunoperoxidase staining, using antipeptide antibodies (chicken egg immunoglobulin γ, 1:1000; courtesy of F. Sinowatz, Tiermedizinische Fakultät, Universität München) raised against a 14-mer HE4-oligopeptide (method described in Kirchhoff et al., 1996) . A strong positive immunostaining was observed in the apical part of epithelium in proximal (a) and distal (b) human corpus epididymidis. Epithelial staining was absent in control section incubated with immunoglobulin from pre-immune-chicken eggs (c). In cryosections through human vas deferens, immunoreactivity was found mainly within the duct lumen (d). Ep, epididymal epithelium; Lu, lumen (containing spermatozoa); iT, intertubular tissue. Scale bar represents 50 µm.
where a blood-epididymis barrier may be no longer effective. Several monoclonal antibodies to this type of carbohydrate have been found to bind to spermatozoa and inhibit fertilization, including one derived from an infertile woman with sperm-neutralizing antibodies (Isojima et al., 1990; Kameda et al., 1992) .
Cystein-rich, acidic epididymal glycoproteins
Acidic epididymal glycoprotein (AEG; Lea et al., 1978) or protein DE (named according to its relative electrophoretic mobility compared with albumin = A; Cameo and Blaquier, 1976 ) is one of the major components of rodent epididymal secretions associating with spermatozoa (Brooks, 1987) . Antibodies raised against the purified rat protein reacted with the post-acrosomal region of the rat sperm head and seemed to block fertilization in vivo and in vitro (Rochwerger et al., 1992; Martinez et al., 1995) . Two independent research groups (Hayashi et al., 1996; Krätzschmar et al., 1996) have cloned a related secretory protein from the human epididymis, and have designated it ARP or CRISP-1, respectively. The glycoprotein is a novel member of the family of cystein-rich secretory proteins (CRISPs; Haendler et al., 1993) that comprises a number of gene products specific to various parts of the male genital tract (Krätzschmar et al., 1996) , as well as a venom protein from the salivary secretions of the mexican lizard, Heloderma horridum, helothermine, (Morrissette et al., 1995) . The cloning strategy applied to obtain the human epididymal gene product included a unidirectional RT-PCR method, based on a short conserved amino acid stretch, VGH(Y/H)TQ (Hayashi et al., 1996) , common to most members of the CRISP family. As the human epididymal protein shows only 40% amino acid identity to its rodent counterparts, it may not represent the true genetic 'orthologue'. Nevertheless, it is the only human AEG-related protein that is specifically expressed by the epididymis.
Rat AEG/DE has been implicated in the gamete fusion process. However, the function(s) of the mammalian genital tract CRISP proteins remain virtually unknown. Their similarity to the peptide toxin helothermine may point to a possible function: helothermine was found to block cardiac and skeletal ryanodine receptor channels and to inhibit calcium-induced calcium-release (Morrissette et al., 1995) . Although the functional significance of the ryanodine receptors observed in mammalian eggs and spermatozoa awaits further study (Ayabe et al., 1995) , it is possible that, like helothermine, other members of the CRISP family may also modulate ryanodine-sensitive calcium channels.
Conclusions
Whereas it is evident that sperm maturation occurs within the epididymis, it is still unclear to what degree the epididymis is instrumental in this process, especially in humans. The apparent species specificity of epididymal secretory proteins has further confused the situation, since it appeared to conflict with the central tenet of evolution, that functionally important molecules should be conserved across species. This problem has at least been alleviated by the molecular cloning of a number of epididymal gene products, showing that the most abundant proteins are shared among mammals. In addition, what appears to be interspecies diversity in peptide sequence may nevertheless reflect homology in function. Molecular cloning has provided a basis with which to analyse the function of individual gene products previously known largely as 'bands' or 'spots' on protein gels or as immunological epitopes. The availability of a cDNA sequence not only offers the possibility of studying the regulation of a specific product by mRNA, but also of generating the protein using diverse expression systems, and hence to analyse its function(s) in the context of conventional sperm assays (sperm motility, in vitro capacitation, acrosome reaction, hemi-zona assay, HOP test). However, the data concerning the specific products of the mammalian epididymis, their molecular characterization and structural similarities to proteins of known functions in other organs appear to be more compatible with a role for the epididymis in the maintenance of sperm function and fertility, than in the acquisition of novel functions required during gamete interaction. Another aspect that has received little attention until recently concerns the protective role of the epididymis (Hinton et al., 1995) . It is possible that abundant proteins, such as HE1 (Ichikawa et al. 1998 ) and HUSI-1/SLPI (Jin et al. 1997) , may be involved in the innate mucosal defence against microbial attack. If this is the case, then conventional tests of sperm function are unlikely to disclose their role. Moreover, it cannot be excluded that some products of the epididymis may have multiple functions: some related to sperm maturation, and some involved with a quite different role.
